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example, liberalisation of food and health care markets and the adoption of programmes specifically designed to correct nutrition deficiencies. Part of any change in the distribution of nutrition will be explained by changes in covariates and part by change in the nutrition function.
In this paper, we explain change in an indicator of long-term child nutritional status-height-for-age z-score 1 -in Vietnam between 1993 and 1998. The experience of Vietnam in the 1990s provides an interesting case study of the evolution of child nutritional status during a period of rapid economic growth, transition to a market economy, nutrition policy initiatives and health sector changes. In the pretransition era, child malnutrition remained high in Vietnam despite substantial falls in child mortality and fertility to levels significantly below those found in comparably poor countries (World Bank 2001) . Part of the explanation was the inadequacy of energy and protein intake through a diet dominated by rice and severely lacking in protein from meat, pulses and fish (Hop 2003) . The nutritional status of children improved substantially between 1993 and 1998, with the mean height-for-age z-score of children less than 10 years old increasing by 20% and the proportion of chronically undernourished, or stunted 2 , children falling by 15 percentage points but remaining high at 37%. Inequality in nutritional status increased, with the coefficient of variation in height-for-age z-scores rising by 20% between 1993 and 1998. Over the same period, real GDP growth averaged 8.4% per annum, the poverty rate declined from 58% to 37%, the Gini coefficient of income inequality increased from 0.33 to 0.35 and markets continued to be liberalised and opened up to foreign competition (Glewwe 2003) .
During the nineties there was a marked increased in efforts to tackle nutritional deficiencies in Vietnam. The Hunger Eradication and Poverty Reduction Program was introduced in 1992 and the first National Action Plan for Nutrition ran from 1995 to 2000 (Hop 2003) . The latter set nutritional targets and was monitored and implemented by a newly established National Institute for Nutrition. A separate plan of action for iodine deficiency disorders was adopted in 1992. In agriculture the Government encouraged diversification and increased production of animal source foods with positive results (Hop 2003) . Comparison of data from the 1987 and 2000
Nutrition Surveys reveals significant improvements in the quantity and quality of the diet (Hop 2003) .
The health sector, which experienced severe financial pressure in the first period of economic reform from the late 1980s to early 1990s, faired much better over the 1993-98 period. Public health spending per capita increased by 50% in real terms, total spending on health increased from 5.2% to 8% of GDP, the real price of drugs fell by 30% due to deregulation of the pharmaceutical industry and liberalisation of the retail sector, commune level health services received much needed funds through government financing of health workers salaries and donor funding of health and family planning programmes (World Bank 2001) . There was a 15% rise in real spending on disease control programmes, increased rates of child immunisation and falling prevalence of infectious diseases such as diarrhoea and, particularly, malaria (World Bank 2001) . Social health insurance was introduced in 1993. The number of voluntary enrolees, the vast majority of which were school children, increased from 0.5 million in 1993 to 4 million in 1998 (World Bank 2001) .
Economic growth is expected to improve child nutritional status by increasing households' means to purchase food and health care. But the nutrition policy initiatives and health sector changes implemented in Vietnam during the 1990s would also be anticipated to have positive consequences for child nutritional status. Some of these changes, such as increased immunisation and salt iodisation, may raise child nutrition for given values of observable individual and household level characteristics.
They shift the intercept of a regression model. Others may change the way in which household characteristics are related to child nutrition. They change the slope coefficients of a regression model. For example, changes in the relative prices of food and medical care, will affect the relationship between household income and nutrition.
Application of the Machado and Mata (2005) decomposition method allows us to explain change throughout the full marginal distribution of height-for-age z-scores, distinguishing between the contributions of changes in the distributions of covariates, on the one hand, and those of changes in the parameters of the height-for-age function, on the other. 3 Decomposition of change in the full distribution is important since severe malnourishment is of greater concern than mild malnourishment and factors contributing to changes at the bottom of the nutrition distribution need not be the same as those that explain change at the middle or top of the distribution. The approach allows us to explain change in the proportion of stunted children, which is of immediate interest, without imposing any distributional assumptions or assuming that the relationships of child height to covariates are constant across the conditional distribution. Besides estimating the change in malnutrition that can be explained by changes in the distribution of all covariates, we also estimate the total and the partial contributions of changes in income. The latter is realised by an extension of the Machado and Mata method that exploits the panel nature of the data. We also explain the observed increases in inequality and the income gradient in child height deficit.
The remainder of the paper is organised as follows. In the next section, we place this paper within the context of the previous literature on the contribution of income growth to explanation of changes in child malnutrition. In the third section, we present the decomposition method. In section 4, we describe the dataset and present some descriptives. In section 5, we present the decomposition results. The final section concludes with an interpretation of the results.
Previous literature
The positive correlation between stature and income has long been recognised and has spurred a sizable literature on height as an indicator of living standards (Steckel 1995) . Within the development economics literature, there has been considerable interest in recent years in explaining, and predicting, changes in child malnutrition from actual, and forecast, changes in income. (Smith and Haddad 2002) estimate that increases in GDP account for one-half of the fall in the rate on undernutritionmeasured by weight-for-age more than two standard deviation below the median in the reference population-across 63 countries between 1970 and 1995. This income effect is estimated to operate through food availability, women's education and status, sanitation and safe drinking water. Haddad, Alderman, Appleton et al. (2003) use both aggregate cross-country and household survey data to estimate the relationship between child nutrition status, measured by weight-for-age, and income, and conclude from the magnitude of the estimates obtained that even optimistic rates of income growth would not be sufficient to reach the MDG target on child malnutrition. The authors interpret their results as suggesting that economic growth alone cannot be relied upon to realise the target and programmes specifically targeted on nutrition are required.
The coincidence of high economic growth and a steep decline in child malnutrition in Vietnam in the 1990s has provoked research into the extent to which the latter is explained, if not caused, by the former. Ponce, Gertler and Glewwe (1998) use the same general approach as Haddad, Alderman, Appleton et al. (2003) to predict the decline in child malnutrition rates in Vietnam that could be expected on the basis of forecast economic growth. From 1993 data, they estimate the relationship between height-for-age z-scores, household consumption per capita, used as a measure of income, and other covariates. Change in the proportion of children who are stunted is predicted by applying forecast rates of income growth to the estimated coefficient on consumption and adding the resultant scalar to the z-score of all children. This assumes not only inequality neutral growth of income and no change in other covariates, but also that the relationship between child height and income is constant across the conditional distribution of the former. The results suggest that reducing the proportion of stunted children under the age of five by 10 percentage points would require 6% growth in incomes per capita sustained for a period of 20 years. In fact, within five years at a growth rate very close to that forecast, the rate of stunting in this age group had fallen by 15 percentage points . This suggests factors other increasing incomes were mainly responsible for the decline in malnutrition. Glewwe, Koch and Nguyen (2003) and Edmonds (2004) both use data from the 1993 and 1998 Vietnam Living Standards Surveys (VLSS), as we do in this paper, to estimate the proportion of the actual change in height-for-age z-scores over the 5 year period that can be explained by increases in household income. Using the same approach as Ponce, Gertler and Glewwe (1998) to predict the incidence of stunting from cross-section estimates of the conditional mean z-score-consumption relationship, Glewwe, Koch and Nguyen (2003) find that consumption growth can explain at most 3.2 of the 15 percentage point fall in the proportion of rural children less than five years old who are stunted. Not only is the magnitude of the effect limited, it is based on an insignificant coefficient estimated by two-stage least squares.
If these estimates are correct and income growth does not account for most of the dramatic decline in child malnutrition in Vietnam in the 1990s, what does? Glewwe, Koch and Nguyen (2003) explore the possibility that increases in the quantity and quality of health services are largely responsible. They find only limited evidence in support of the hypothesis. Most of the available indicators of community level health services either show no substantial improvement over time, are not significantly correlated with height-for-age z-scores or have a only a small effect.
Two exceptions are the existence of a sanitary toilet and a supply of oral rehydration salts at the commune health centre. But it seems unlikely that these indicators explain the observed increase in nutrition. 4 Edmonds (2004) seeks to establish the contribution of economic growth to the substantial improvement in child height in Vietnam in the 1990s while taking account of changes in the policy environment that condition the determination of child nutrition, and may be correlated with income changes. An instrumental variables (IV) solution is rejected given the difficulty of finding valid, non-weak instruments. This seems justified given the imprecision of the IV estimates obtained by Glewwe, Koch and Nguyen (2003) . Instead, it is argued that since the policy environment is fixed at a given point in time, the cross-section correlation between height and income provides an appropriate estimate that can be used to determine the contribution of the observed change in income to that in height. This leads to an Blinder-Oaxaca type decomposition in which the change in mean height is explained by the change in income, on the one hand, and the change in the conditional mean function, on the other (Blinder 1973; Oaxaca 1973) . Non-parametric regression is used to estimate a height-income relationship that is fully flexible over the income distribution. Unlike in Ponce, Gertler and Glewwe (1998) and Glewwe, Koch and Nguyen (2003) , this avoids imposing the assumption that the income effect on height is the same irrespective of the level of income. Using this method, Edmonds (2004) finds that income growth can explain 60% of the 20% increase in the mean of height-for-age zscores of children less than 10 years old. This is substantially more than the 20% of the 25% increase in the mean z-score of children less than 5 years attributed to income growth by Glewwe, Koch and Nguyen (2003) . One explanation for the difference is that Edmonds' estimate is derived from the bivariate relationship between height and income and so reflects the contribution of income and all its correlates. Glewwe et al estimate the contribution of income change with all covariates held constant.
By allowing for non-linearity in the height-income relationship, Edmonds reveals that the contribution of income to height growth is substantially greater at lower initial levels of income. The restriction of this approach is that it estimates the income effect only on the conditional mean of height and decomposes change only in this parameter. It does explain change in other interesting features of the height-forage distribution, such as the fall in the proportion stunted and the rise in inequality.
The change in stunting could only be explained using this approach if one where to assume that the conditional mean effect provides an adequate approximation to the association at other points in the conditional distribution. We relax this assumption by using quantile regression, allowing coefficients to vary across the conditional distribution of child height, and decomposing change in the full marginal distribution using the method of (Machado and Mata 2005) . Unlike the Edmonds' approach, which is bivariate, we estimate a multivariate model. We estimate both the total and partial contribution of income to explanation of the change in the distribution of 
Decomposition method
The (Machado and Mata 2005) method generalises the well-known (Blinder 1973 )- Oaxaca (1973) decomposition to explain change in the full marginal distribution. To achieve this, one must obtain estimates that fully characterise the conditional distribution of the variable of interest and then simulate changes in the marginal distribution by combining these estimates with different samples of covariates. Full characterisation of the conditional distribution is achieved using quantile regression, allowing parameter heterogeneity across the conditional distribution. This is appropriate in the present context since we are particularly interested in changes occurring at low levels of nutrition and do not wish to assume that these can be predicted from conditional mean effects.
Simulations of the marginal and counterfactual distributions used in the decomposition are obtained as follows (Machado and Mata 2005) . First, for each time period (t), quantile regression coefficients are estimated at a random sample of m quantile points. Second, for each t, a random sample of m sets of covariates is selected from the survey observations. We set m to 4500, which is slightly less than the number of children less than 10 years old in each of the 1993 and 1998 Vietnam (1) ;
The first and second terms on the right-hand side are the contributions of change in the coefficients and covariates respectively. The residual is due to the differences between the empirical densities and the marginal densities simulated from the quantile regression coefficients. As with all such methods, the decomposition is based on a particular weighting scheme. In (1), the coefficient contribution is weighted by period 1998 values of covariates, and the covariate contribution by period 1993 values of the coefficients. We check the sensitivity of our results to reversing the weights.
Equation (1) 
Note that this procedure holds the correlations of income with other covariates constant but not the values of those other covariates. As income is allowed to change, so will correlated covariates. It shows what would happen to child height if poor children in 1993 became like better-off children in 1993 in all observable characteristics. Not only would their income change, so would the education and height of their parents, and even their ethnicity. In this sense, the procedure is somewhat similar to the bivariate method of Edmonds (2004) .
In order to estimate the partial contribution of income, we make use of the 
The same approach is used to estimate the partial contribution of other covariates or sets of covariates. We use the child as the unit of observation and, in each year, restrict attention to children under the age of 10 years. There are 5864 children in this age group in the 1993 sample and 5324 in 1998. We restrict the 1993 sample to children in households that had not dropped out of the survey by 1998. This is necessary since, as explained in the previous section, we use changes in household values to estimate the partial contribution of specific covariates. It results in the loss of 536 observations. We correct for any induced bias by applying inverse probability weights, which are calculated from probit estimates of the probability of household non-attrition as a function of all covariates and the child's height-for-age z-score. Note that we do not require that the child is present in the household and under the age of 10 in both waves of the survey.
After The empirical density functions of height-for-age z-scores in 1993 and 1998 are presented in Figure 1 . There is a substantial shift to the right in the distribution indicating a marked increase in the height of children, of a given age, over this period. This is also apparent in summary statistics, which we present in Table 1 for both the full and estimation samples. In each year, there is little difference between the samples, confirming that, after weighting, the restrictions we impose introduce little or no bias. For the full samples, median z-score increases from -2.07 in 1993 to -1.70 in 1998, an increase of almost one-fifth. The percentage of children who are stunted falls from 52% to 37%. Height increases at all percentiles, with the absolute changes being greater at lower percentiles but the relative changes being much larger at higher percentiles. As a result, the dispersion in height deficit increases, as is indicated by a 20% rise in the magnitude of the coefficient of variation. Not only does total inequality in child height deficit increase, height disparities by income also rise. This is indicated by a rise of one-fifth in the correlation coefficient between height-for-age z-scores and household consumption per capita. Given that income inequality increased during this period (see below), this rise in the income-child height gradient implies an even greater increase in the magnitude of income-related inequality in child height. Thomas et al. 1990; Strauss and Thomas 1995; Glewwe et al. 2003) .
In a structural household production model of child nutrition (Behrman and Deolalikar 1988; Strauss and Thomas 1995) , household consumption, sanitation and safe drinking water supply would all be considered endogenous since they are chosen conditional on the child's unobservable health stock that also determines nutritional status. The number of children in the household would also be endogenous in a model in which parents trade the quality against the quantity of children (Becker and Tomes 1976) . Since our objective is not to identify the causal effects of these factors but simply to explain variation in child height, we need not worry about potential endogeneity. This does, however, restrict the interpretation that can be placed on the regression coefficients.
There are significant changes in the means of most of the covariates.
Exceptions are the proportions that are male, have an absent or deceased mother or father, an ethnic minority, an urban dweller and located in certain regions. The observed increase in the mean of the log of consumption is equivalent to a 30% rise in real per capita consumption between 1993 and 1998. This substantial rise in average real consumption was accompanied by a rise in inequality, with the Gini coefficient for this sample rising from 0.31 to 0.34. 6 Child nutrition status is not determined solely by nutritional intake. Disease and illness, particularly diarrhoea, draw on energy stocks and interfere with the absorption of nutrients (World Bank 2006) .
Sanitation and the quality of drinking water are therefore potentially important determinants of nutritional status and we include indicators of both. The percentage of children living in a household with safe drinking water increased by almost 5 points over the period. The percentage with a sanitary toilet increased by almost 6 points.
Child malnutrition tends to vary with age. On average, it increases during the first two years of life and thereafter fluctuates with no clear trend (World Bank 2006) .
In the regressions, we include a full set of age dummies. In the Table 2 , we present mean ages. There is an increase of around 6 months in the average age of children in the samples over the five-year period. This reflects the falling rate of fertility over the period (World Bank 2001) , resulting in cohorts of older children being larger than those of younger children. Note that there is also a fall in the fraction of household members that are less than 6 years old and a rise in the fraction between 6 and 15 years. These differences may also be due to the panel nature of the survey. Even though new households were added to the second wave, it is likely that it contains fewer newly established households with very young children. Possibly for the same reason, there is an increase of around 7 months in the mean age of mothers.
There is an increase in the average height of both fathers and mothers of around 0.4 cm over the five-year period, which may be due to trend increase in the height of the population, and would be expected to make a positive contribution to the observed increase in the height of children. The same should be true of the observed slight increase in the years of schooling of both fathers and mothers.
TABLE 2
Before turning to the decomposition analysis, we present, in Table 3 , estimates of conditional median regressions in order to show how child height is related to the covariates at the centre of the distribution in each year. In the decomposition analysis, these relationships are estimated across the full range of the conditional height-for-age distribution. In addition to the log of household consumption per capita, we also include in the regressions the log of the commune mean of per capita consumption.
This is done to pick up the effects of commune level characteristics, such as public hygiene conditions and the availability and quality of health care, which have been found to impact on child nutritional status (Thomas and Strauss 1993; Thomas et al. 1996 and increase rapidly in the first two years of life before levelling off. The median zscore is increasing with the mother's age and the height of both parents. There is a significant positive relationship with mother's schooling only in 1993 and no significant relationship with father's schooling in either year. Median height deficit is greater in larger households and in households with a larger proportion of infants and children. In 1993, children from ethnic minorities were significantly shorter and those in an urban location significantly taller. But neither of these relationships remained significant in 1998. There are significant regional variations in both years. 
Tests of parameter homogeneity and stability
As explained in section 3, quantile regression estimates of conditional distribution functions of height-for-age z-scores are used in combination with sampled sets of covariates to simulate marginal empirical and counterfactual distributions. The advantage of quantile regression for this purpose is that it can give a more complete representation of the conditional distribution, allowing parameters to vary across the range of the distribution. A marginal distribution could also be simulated by using ordinary least squares (OLS) estimates of the conditional mean function to score a prediction and then adding a constant-variance random term. But the quantile procedure will be superior provided the conditional quantile functions differ from the conditional mean function in more than the intercept. We test the null of equality between all quantile regression slope parameters and respective OLS parameters for each of 19 evenly spaced quantiles from 0.05 to 0.95. The results of these Wald tests (Koenker and Bassett 1982) are reported in Table 4 . is still a sizable share that is explained by the changes in the conditional distribution.
Changes in child height explained by changes in all covariates
In Table 6 we present results of the decomposition given in equation (1) for various parameters of the child height-for-age z-score distribution. In the first three columns, we present the estimates for each year and for the change between them.
95% confidence intervals are given in parentheses. These are calculated from the percentiles of 1000 bootstrap estimates. In the final three columns, we give the estimates of the change in the statistic explained by: (i) changes in the distributions of all covariates; (ii) changes in the coefficients of the conditional quantile functions;
and, (iii) a residual term that is due to the differences between the empirical and simulated densities. Besides 95% confidence intervals for these contributions, we also express each as a percentage of the actual change in the statistic. These percentage contributions are also given using the reverse weighting, i.e. calculating the covariates' contributions at 1998, rather than 1993, values of the coefficients and coefficients' contributions at 1993, rather than 1998, values of the covariates.
The median z-score is estimated to have risen by 0.35, with an increase of 0.18 Changes in covariates and in coefficients explain 44% and 68% respectively of the increased disparity in child height deficit, measured by the coefficient of variation. The contribution of covariates to the increased income gradient, measured by the correlation coefficient with household per capita consumption, is much greater than it is for the other statistics. In fact, from the change in covariates alone, the correlation coefficient would have been anticipated to rise by 26% more than it actually did.
With the exception of only one statistic (the 75 th percentile), the estimated contribution of changes in covariates tends to increase and there is a corresponding decrease in the contribution of coefficients when the reverse weighting scheme is used for the decomposition. As a result, the estimates move in the direction of greater equality between the respective contributions. For the median and coefficient of variation, the point estimates of the covariates' contributions actually become greater than those of coefficients. Decomposition of the change in the proportion stunted is less sensitive to the weighting adopted. 
Changes in child height explained by income
In section 3, we described two methods-represented by equations (2) and (3)-of estimating the change in height explained by a particular covariate. Equation (2) gives the effect of changing the distribution of a covariate and all of its correlated determinants of child height. Equation (3) exploits the panel nature of the data to estimate the effect of changing one covariate while holding the others constant. We label these total and partial contributions respectively.
In Table 7 , we present the estimates of the total contribution of change in the distribution of household consumption per capita and the partial contributions of variables or groups of variables, again focussing on consumption and related factors.
As explained in section 3, the total contribution of consumption is estimated by resampling observations from the 1993 simulated density such that twenty evenly spaced percentile points of household consumption per capita correspond to those observed in 1998. Given that consumption increased over the period, we effectively over sample children from high consumption households and under sample those from poor households. In doing so, the distribution of all covariates that are correlated with household consumption will be altered and the estimated contribution to the change in child height will be that of changes in household consumption and all its observable correlates. Since household consumption is strongly correlated with commune mean consumption, the procedure will largely capture the aggregate contribution of both. The estimate of the change in the median z-score explained by the change in the distribution of consumption is 0.14, which is 41% of the actual change. This is very near as much as the estimated contribution of all covariates-0.18 (Table 6 ). One reason for this is that changes in covariates can have offsetting effects on child height. But it is also because the method simulates changes in some covariates by degrees that are not actually observed. For example, since ethnicity is strongly correlated with consumption, the proportion of children from ethnic minorities in the counterfactual sample falls well below that observed in 1998. This is the result of simulating the effect of change in consumption by making poor children resemble better-off children.
By this method, the change in the distribution of household consumption explains 39% of the fall in the proportion of stunted children. The relative contribution of consumption to the increase in the 10 th percentile point of the height distribution is much smaller (24%) than it is to the increases in the top quarter of the distribution (45-50%). This is not only because the magnitude of the z-score increase is largest at the 10 th percentile but also because the change in consumption makes an absolutely smaller contribution at this percentile. The latter indicates that the 1993 quantile regression coefficients on household consumption and/or its correlates are smaller at lower quantiles and so predict smaller shifts in child height from changes in covariates. 7
To estimate the partial contribution of covariates, we take observations used to This reflects the strong positive coefficient on commune mean consumption, which can be observed in Table 3 but also exists for other conditional quantile functions.
The increase in the proportion of children with access to safe drinking water and a sanitary toilet makes a much smaller contribution, explaining 3.8% of the increase in the median. Changing household consumption, commune mean consumption and the hygiene indicators together, we predict a rise in the median of 0.13, or 38% of the actual increase. Hence, as would be expected, the more correlated factors we allow to change simultaneously, the closer we get to the estimated total contribution of consumption. But by the partial approach, we avoid simulating the effect of changes in factors that cannot plausibly be argued to change with income, such as ethnicity.
Decreases in household size and the proportion of young children in the household explain 17% of the actual increase in the median. This is consistent with a scenario in which as households become richer, they are choosing to have fewer children and to invest more in the human capital, including the nutritional status, of a smaller number of offspring. In this case, this household size and structure effect would also, in part, be attributable to economic growth.
TABLE 7
The pattern of the partial contribution results for the proportion of children consumption is rising, suggesting that it is commune mean consumption that contributes more at higher percentiles. This is confirmed by the fact that the regression coefficients on commune mean consumption are larger at higher quantiles of the 1993 conditional height distribution. The contribution of household size and structure is also monotonically increasing as one moves up the height distribution.
Income-related factors explain 41% of the increase in the coefficient of variation and 48% of the increase in the income gradient in nutritional status.
Conclusion
Between 1993 and 1998, Vietnam experienced a dramatic rightward shift and increase in dispersion in the distribution of child nutritional status that coincided with a period of economic boom but also economic reform, nutrition policy initiatives and health sector changes. We set out to explain the change in the distribution and, in particular, to determine how much of the changes in various parameters of the child height distribution can be explained by changes in the distribution of income. Our results
show that one-half of the 15-point fall in the proportion of children chronically malnourished, or stunted, can be explain by changes in the distributions of covariates.
The other half of the decline in malnutrition is explained by changes in the conditional distribution of child height. That is, change in the relationships between height and observable correlates, such as income, and/or shifts in the distribution conditional on observables.
We find that changes in the distribution of household per capita consumption-our measure of permanent income-can explain, in total, almost 40% of both the fall in the proportion of children stunted and the 20% increase in the mean height-for-age z-score. This is less than the 60% of the increase in the mean that (Edmonds 2004) attributes to income but more than the 20% of the 25% fall in the proportion of children less 5 years old who are stunted attributed to income growth by . The inconsistencies between these estimates are most likely due to differences in the extent to which other factors are held constant when simulating the contribution of income. Glewwe, Koch and Nguyen take a multivariate approach and hold other observable factors constant. Edmonds does not. We control for other factors in estimation of the income coefficients but simulate the total contribution of income by allowing the distribution of income and all of its correlated observables to change. Since this induces changes in covariates that cannot plausibly be argued to vary with income, we also simulate the partial contribution of income by holding covariates constant. By this method, household income explains only around 15% of the rise in the mean and the fall in the proportion stunted, which is much closer to the estimate of Glewwe, Koch and Nguyen. If we allow not only household income to change, but also the mean income within the household's commune and access to safe drinking water and sanitation, then 35% of the fall in the proportion of children stunted can be explained. The contribution through commune mean income is particularly large, accounting for roughly half of the gains in child nutritional status that is explained by income growth. This suggests rising prosperity of a community may bring significant gains in nutrition through improvements in commune infrastructure and reduced negative public health externalities. Explanations of changes occurring across the range of the nutrition distribution differ. Changes in covariates explain about half of the shift in the top half of the height-for-age distribution but only just over 30% of the increase in the 10 th percentile point. Growth in household consumption and its correlates explain 40-50% of the improvements in nutrition in the top part of the distribution but less than 25% of the increase in the 10 th percentile. So, changes observable characteristics, including income, account for less of the reductions in very severe degrees of malnutrition than they do of reductions in milder malnutrition. This is partly due to the fact some covariates, in particular commune mean consumption and household size and age structure, are more strongly correlated with child height at higher points in the distribution. From given changes in these covariates, predicted changes in child height are larger at higher quantiles. But more important is the fact that the conditional distribution has shifted more at lower quantiles than it has at higher quantiles. Changes in the 'technology' of child nutrition production and the supply of unobservable inputs appear to have contributed most to the reduction in very severe degrees of malnutrition. Some of these changes may derive from nutrition and health policy initiatives introduced or extended in Vietnam during the 1990s. Examples include improvements in the energy and protein content of the diet, encouragement of breast feeding, salt iodisation, increased child immunisation, increased availability of oral rehydration therapy, reduced real price of drugs and medical care, and increased health insurance coverage of school children (World Bank 2001; Hop 2003) . While the current analysis is far from an evaluation of the impact of these changes on child nutrition, the results are consistent with a scenario in which they have shifted the conditional quantile functions most at very low levels of nutrition. This does not seem implausible, particularly for those interventions for which correction of nutrition deficiencies was the primary objective.
The analysis covered children less than 10 years old. Restricting attention to children less than 5 years is also interesting since one is then comparing children exposed to conditions up to 1993 with those exposed only to conditions between 1993 and 1998. We have repeated the analysis for the younger age group. Qualitatively the results are similar to those reported here, with the quantitative difference being that covariates explain even less of the changes and this contribution rises even more steeply in moving up the distribution. 8 For example, covariates explain 45% of the increase in the median z-score, as opposed to 52% for the under tens, and only 10% of the increase in the 10 th percentile point compared with 30% for the under tens.
Changes in covariates explain only 35% of the fall in the proportion stunted compared with 50% for the under tens. Changes in conditions influencing the production of child nutritional status conditional on observable characteristics appear to have been even more important in explaining the gains in height of very young children. This is consistent with the fact that nutrition intervention programmes tend to focus on younger children. undergone an unusually large number of reforms in recent years that may be beneficial for the production of child nutrition for any given change in income and its correlates. This said, as Edmonds (2004) has observed, the inability of income growth to explain all of the gains in child nutritional status has important implications for the definition and monitoring of development targets. Provided weight is given to noneconomic dimensions of development, such as child nutrition, then it seems necessary to set explicit targets for them and to monitor them separately. The positive message from the Vietnam experience is that the gains in human development indicators can be greater than those predicted from trends in economic growth.
NOTES 1 A height-for-age z-score is the difference between the height of a child and the median height of a child of the same age and sex in a well-nourished reference population divided by the standard deviation in the reference population. 2 A child is defined as stunted if her height is more then two standard deviations below the median height in a well-nourished reference population, i.e. a height-for-age z-score less than -2. 3 See (Nguyen et al. 2006) for an application of this decomposition technique to urban-rural inequality. 4 Moving from a situation in which oral rehydration salts are never available to one in which they are always available is associated with a 0.44 point rise in the height-for-age z-score, which is close to the actual change in the mean score in rural areas. But data on the change in the supply of rehydration salts over time are not available. It is only known that in 1998 they were available in 83% of commune health centres all of the time. 5 Because of the prohibitive computational cost, we do not include computation of the quantile regression coefficients within the bootstrap procedure. We estimate 4500 quantile regressions for each year to produce the conditional distributions. Bootstrapping these with 1000 replications, which is appropriate given we are interested in estimating parameters in the tails of the distribution, would require a total of 9 million quantile regressions. 6 These figures differ from those given in the introduction since they are derived from samples of households with children under the age of 10 years only. 7 Re-sampled covariates are combined randomly with the regression coefficients to produce the simulated and counterfactual distributions and so the magnitude of changes in covariates cannot explain differences across the range of the height-for-age distribution in the relative contribution of covariates. 8 Detailed results for the under 5 years age group are available from the authors on request. Notes: a. At each quantile, the null is that the intercept and each of the 33 slope parameters are all constant between 1993 and 1998. b. For each set of covariates, the null is that at every quantile the parameters on these covariates are constant between 1993 and 1998. c. Mother's age, mother's and father's height and years of schooling. d. Household size and age composition, and ethnicity. Covariance matrices are constructed from 100 bootstrap replications. Notes:
FIGURES

Stability of each conditional quantile function a Stability of all quantile parameters for groups of covariates b
a. Sample weights are applied in estimation of all parameters. b. In the first 3 rows for each statistics, the covariates' contribution is calculated at the 1993 values of coefficients and the coefficients' contribution at 1998 values of the covariates. c. Interval is the 0.025 and 0.975 percentile values of 1000 bootstrap estimates. The stratified and cluster sample design is replicated in drawing the bootstrap samples. d. Covariates' contribution calculated at 1998 values of coefficients and coefficients' contribution at 1993 values of covariates. Notes:
Contributions to change of:
Sample estimates a Decomposition of changes b
a. Calculated as in equation (2). b. Calculated as in equation (3). c. Household consumption per capita set to 1998 value observed for child's household and all other covariates held at 1993 values. d. Household consumption per capita set and commune mean consumption set to 1998 values observed for child's household and all other covariates held at 1993 values. e. Dummies for safe water and santitation to 1998 values observed for child's household and all other covariates held at 1993 values. f. Household consumption, commune mean consumption and water/sanitation dummies set to 1998 values observed for child's household and all other covariates held at 1993 values. g. Household size and age structure set to 1998 value observed for child's household and all other covariates held at 1993 values.
Partial contributions b
Contributions to change 
